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(54) [Title of Invention] BIODEGRADABLE PAPER SHEET AND PAPER CONTAINER 

(57) [Abstract]

[Problem] An object of the present invention is to provide a

paper sheet or paper container that has excellent 

environmentally friendly gas barrier properties, such as being 

biodegradable, recyclable, resource-efficient, safe, and free of 

petroleum solvents. 

[Resolution Means] A biodegradable paper sheet having a 

biodegradable resin layer formed on at least one side of a paper 

base material by coating or impregnating with a biodegradable 

resin, and a paper container characterized by molding the paper 

sheet into a container, wherein a thin film of an inorganic oxide 

is provided on the biodegradable resin layer of the paper sheet 

or paper container. 
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[Scope of Patent Claims] 

[Claim 1] A biodegradable paper sheet comprising a 

biodegradable resin layer formed on at least one side of a paper 

base material by coating or impregnating with a biodegradable 

resin. 

[Claim 2] The paper sheet according to claim 1, wherein the 

biodegradable resin is, a polyester-based biodegradable resin 

such as a polyoxycarboxylic acid, a polylactic acid, a polylactone, 

an aliphatic polyester, an aliphatic-aromatic polyester copolymer, 

a polyester amide copolymer, a polyester urethane copolymer, a 

polyester urea copolymer, a polyhydroxyalkanoate, a polyester 

carbonate copolymer, a polyester ether copolymer, a derivative 

thereof, or such to which a crosslinking agent has been added, 

either alone or in combination. 

[Claim 3] The paper sheet according to claim 1, wherein the 

biodegradable resin is a natural polysaccharide such as cellulose, 

starch, dextran, pullulan, nigeran, curdlan, gella gum, xanthan 

gum, carrageenan, guar gum, tamarind gum, gum arabic, agar, 

levan, alginic acid, alginates, chitin, chitosan, heparin, locust 

bean gum, mannan, glucan, galactan, araban, xylan, pectin, 

glycogen, hyaluronic acid, or a metal salt or derivative thereof, 

either alone or in combination. 

[Claim 4] The paper sheet according to claim 1, wherein the 

biodegradable resin is a plant-derived resin such as rosin, copal, 

dammar, elemi, ester gum, lignin, urushi, tannin, or gluten, an 

animal-derive resin such as shellac, gelatin, casein, collagen, or 

glue, or a derivative thereof, either alone or in combination. 

[Claim 5] The paper sheet according to claim 1, wherein the 

biodegradable resin is a polyamino acid such as polyglutamic 

acid, polylysine, polyaspartic acid, or a derivative thereof, either 

alone or in combination. 

[Claim 6] The paper sheet according to claim 1, wherein the 

biodegradable resin is polyvinyl alcohol or a derivative thereof. 

[Claim 7] The paper sheet according to claim 1, wherein the 

biodegradable resin is a mixture of two or more types selected 

from the biodegradable resins in any one of claims 2 to 6, or a 

mixture of these together with a layered silicate compound. 

[Claim 8] The paper sheet according to any one of claims 1 to 7, 

wherein a biodegradable resin layer is formed by coating or 

impregnating a paper substrate with the biodegradable resin in the 

form of an aqueous solution or dispersion. 

[Claim 9] A paper container formed by molding the paper sheet 

according to claim 1 into a container. 

[Claim 10] The paper sheet or paper container according to claim 

1 or 9, wherein a thin film of an inorganic oxide is provided on 

the biodegradable resin layer. 

[Claim 11] The paper sheet or paper container according to claim 

10, wherein the thin film of the inorganic oxide is a vapor-

deposited thin film, such as by chemical vapor deposition (CVD) 

or plasma CVD. 

[Claim 12] The paper sheet or paper container according to claim 

10 or 11, wherein, after the biodegradable resin layer is subjected 

to heat treatment, a thin film of an inorganic oxide is provided on 

the resin layer. 

[Claim 13] The paper sheet or paper container according to any 

one of claims 1 to 12, wherein at least one surface of the paper 

base material is coated with an inorganic pigment. 

[Claim 14] The paper sheet according to any one of claims 1 to 

13, wherein the paper base material or the paper sheet has been 

subjected to calendering. 

[Detailed Description of Invention] 

[0001] 

[Technical Field of Invention] The present invention relates to 

biodegradable gas barrier paper sheets and paper containers used 

as paper-based packaging materials for foods, medicines, 

electronic and electrical parts, various industrial products, and the 

like. 

[0002] 

[Conventional Art] Generally, many packaging materials for 

foods, medicines, electronic and electric parts, various industrial 

products, and the like require gas barrier properties (resistance to 

oxygen and water vapor permeability). Conventionally, methods 

for imparting gas barrier properties include coating a resin film 

with a saponified ethylene-vinyl acetate copolymer (EVOH) for 

oxygen barrier properties, or coating a resin film with 

polyvinylidene chloride (PVDC) for oxygen and water vapor 

barrier properties, or depositing aluminum as a dry process. 

However, there are concerns that PVDC may produce hazardous 

substances when incinerated, and aluminum is opaque and non-

combustible, making it difficult to separate when recycling. 

Furthermore, vapor-deposited films of an inorganic oxides such 

as silicon, aluminum, magnesium, and zinc have solved these 

problems and have excellent oxygen and water vapor barrier 

properties, good transparency, and can be incinerated, so they are 

used in a variety of packaging materials. In addition, inorganic 

oxide deposition films composed of biodegradable resin 

substrates have been proposed and are believed to be promising 

packaging materials with low environmental impact because they 

can be decomposed by microorganisms after disposal and 

composted. 

[0003] Meanwhile, the recent rise in environmental awareness 

has led to a shift from materials derived from petroleum, which 

is a buried resource, to materials derived from natural resources 

that place less of a burden on the environment. Among natural 

resources, paper, which is made from plant fibers, can be recycled 

or composted through natural regeneration, produces low heat 

when burned, and is biodegradable, so the demand for paper 

containers is increasing, replacing synthetic resin containers. 

[0004] Accordingly, many composite materials using paper as a 

substrate and a biodegradable film have been proposed, and in 

terms of imparting gas barrier properties, that in which a 

biodegradable resin is laminated onto a paper substrate in 

advance and then an inorganic oxide is vapor-deposited onto the 

laminate has been proposed. 

[0005] When a biodegradable resin is laminated onto a paper 

substrate, methods such as lamination of paper and a 

biodegradable resin film, or melt extrusion coating of a 

biodegradable plastic onto paper are possible. However, the 

adhesives and anchoring agents used in paper lamination and 

melt extrusion coating are not biodegradable, and synthetic 
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polymers derived from petroleum have been used as the 

chemicals used as fillers to form what is called a filler layer that 

is applied in advance to fill voids on the paper surface and make 

such smooth. Furthermore, the foregoing lamination method is 

not possible on the surface of a three-dimensional substrate such 

as a pulp-molded container. Therefore, the applicant has 

proposed a pulp molded container having favorable gas barrier 

properties, in which a biodegradable resin is added to a filler and 

a filler layer may be formed by dipping coating or spray coating. 

[0006] 

[Problem to Be Solved by Invention] The present invention has 

been made in light of the above problems, and an object thereof 

is to provide a paper sheet or paper container having excellent 

environmental protection gas barrier properties such as 

biodegradability, recyclability, resource saving, safety, and 

petroleum-free solvents. 

[0007] 

[Means for Solving Problem] In order to solve the foregoing 

problem, the invention according to claim 1 is a biodegradable 

paper sheet comprising a biodegradable resin layer formed on at 

least one side of a paper base material by coating or impregnating 

with a biodegradable resin. 

[0008] The invention according to claim 2 is the paper sheet 

according to claim 1, wherein the biodegradable resin is, a 

polyester-based biodegradable resin such as a polyoxycarboxylic 

acid, a polylactic acid, a polylactone, an aliphatic polyester, an 

aliphatic-aromatic polyester copolymer, a polyester amide 

copolymer, a polyester urethane copolymer, a polyester urea 

copolymer, a polyhydroxyalkanoate, a polyester carbonate 

copolymer, a polyester ether copolymer, a derivative thereof, or 

such to which a crosslinking agent has been added, either alone 

or in combination. 

[0009] The invention according to claim 3 is the paper sheet 

according to claim 1, wherein the biodegradable resin is a natural 

polysaccharide such as cellulose, starch, dextran, pullulan, 

nigeran, curdlan, gella gum, xanthan gum, carrageenan, guar 

gum, tamarind gum, gum arabic, agar, levan, alginic acid, 

alginates, chitin, chitosan, heparin, locust bean gum, mannan, 

glucan, galactan, araban, xylan, pectin, glycogen, hyaluronic 

acid, or a metal salt or derivative thereof, either alone or in 

combination. 

[0010] The invention according to claim 4 is the paper sheet 

according to claim 1, wherein the biodegradable resin is a plant-

derived resin such as rosin, copal, dammar, elemi, ester gum, 

lignin, urushi, tannin, or gluten, an animal-derive resin such as 

shellac, gelatin, casein, collagen, or glue, or a derivative thereof, 

either alone or in combination. 

[0011] The invention according to claim 5 is the paper sheet 

according to claim 1, wherein the biodegradable resin is a 

polyamino acid such as polyglutamic acid, polylysine, 

polyaspartic acid, or a derivative thereof, either alone or in 

combination. 

[0012] The invention according to claim 6 is the paper sheet 

according to claim 1, wherein the biodegradable resin is 

polyvinyl alcohol or a derivative thereof. 

[0013] The invention according to claim 7 is the paper sheet 

according to claim 1, wherein the biodegradable resin is a mixture 

of two or more types selected from the biodegradable resins in 

any one of claims 2 to 6, or a mixture of these together with a 

layered silicate compound. 

[0014] The invention according to claim 8 is the paper sheet 

according to any one of claims 1 to 7, wherein a biodegradable 

resin layer is formed by coating or impregnating a paper substrate 

with the biodegradable resin in the form of an aqueous solution 

or dispersion. 

[0015] The invention according to claim 9 is a paper container 

formed by molding the paper sheet according to claim 1 into a 

container. 

[0016] The invention according to claim 10 is the paper sheet or 

paper container according to claim 1 or 9, wherein a thin film of 

an inorganic oxide is provided on the biodegradable resin layer. 

[0017] The invention according to claim 11 is the paper sheet or 

paper container according to claim 10, wherein the thin film of 

the inorganic oxide is a vapor-deposited thin film, such as by 

chemical vapor deposition (CVD) or plasma CVD. 

[0018] The invention according to claim 12 is the paper sheet or 

paper container according to claim 10 or 11, wherein, after the 

biodegradable resin layer is subjected to heat treatment, a thin 

film of an inorganic oxide is provided on the resin layer. 

[0019] The invention according to claim 13 is the paper sheet or 

paper container according to any one of claims 1 to 12, wherein 

at least one surface of the paper base material is coated with an 

inorganic pigment. 

[0020] The invention according to claim 14 is the paper sheet 

according to any one of claims 1 to 13, wherein the paper base 

material or the paper sheet has been subjected to calendering. 

[0021] 

[Embodiment of Invention] Preferred embodiments of the present 

invention will be described in detail below. The paper material 

used in the present invention is paper that can be subjected to 

alkaline recycling treatment, and may be a mixture of one type or 

two or more types of ordinary pulp materials such as wood, 

specifically bleached or unbleached sulfite pulp obtained from 

conifers or hardwoods, kraft pulp, crushed wood pulp, exploded 

pulp, thermomechanical pulp (TMP), chemical 

thermomechanical pulp (CTMP), and the like. In some cases, due 

to recent advances in waste paper recycling technology and 

increased use of waste paper, recycled waste paper pulp such as 

deinked pulp (DIP) may be used. As necessary, non-wood fibers 

such as hemp, cotton (linter), straw, bamboo, kenaf, bagasse, 

reticulated algae, esparto, mulberry, paperbush, gampi, and ramie 

may be mixed, and recycled cellulose such as rayon, lyocell, and 

polynosic fibers are also included in the non-wood fibers. Other 

examples include microbial cellulose, valonia cellulose, and sea 

squirt cellulose. As appropriate, sizing agents, dry strength 

agents, wet strength agents, dyes and pigments, fillers, fixing 

agents, and the like may be added to this. 

[0022] Examples of the biodegradable resin used in the present 
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invention include polyoxycarboxylic acids such as polyglycolide 

and polylactic acids, and in particular, polylactic acids may be 

obtained either directly from lactic acid as a raw material or by 

ring-opening polymerization of a dimer (lactide), and refer to 

those in which the D-form and L-form are distributed in an 

appropriate ratio. Polylactones include, for example, lactones 

such as ε-caprolactone, β-propiolactone, γ-butyrolactone, and δ-

valerolactone, which may be used alone or in copolymers of two 

or more kinds. Examples of aliphatic polyesters include 

polybutylene succinate, polybutylene succinate adipate 

copolymers, and polyethylene succinate copolymers. Aliphatic-

aromatic polyesters include, for example, those in which 

terephthalic acid or isophthalic acid is copolymerized with 

polybutylene adipate. Polyhydroxyalkanoates include 

biologically produced compounds such as polyhydroxybutyrate, 

polyhydroxybutyrate-valerate copolymers, and the like. Polyester 

amides include, for example, copolymers of ε-caprolactone and 

ε-caprolactam, and various aliphatic polyesters copolymerized 

with hexamethylenediamine. Polyester urethanes are those in 

which di- or tri-functional isocyanates are copolymerized or 

contained as a crosslinking agent in the various aliphatic 

polyesters mentioned above. A polyester carbonate copolymer 

refers to various aliphatic polyesters having carbonate bonds 

formed by copolymerization with diphenyl carbonate or the like. 

The above polyesters may be used alone or as a mixture of two 

or more kinds. The crosslinking agent may be any reactive 

polyfunctional reagent that does not impair the gist of the present 

invention, and examples thereof include polyols such as glycerol, 

sorbitol, trimethylolpropane, and pentaerythritol, polycarboxylic 

acids such as citric acid, and the polyfunctional isocyanates 

described above. 

[0023] Furthermore, examples of the biodegradable resin used in 

the present invention include cellulose. For example, this 

includes various types of fine fibrillated cellulose and fine 

powdered cellulose, and examples of cellulose derivatives 

include hydroxymethylethyl cellulose, carboxymethyl cellulose, 

methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, 

hydroxyethylpropyl cellulose, dialdehyde cellulose, and 

diesterified cellulose. Examples of starch and derivatives thereof 

include amylopectin, amylose, seagel, carboxymethylated starch, 

epichlorohydrin starch, allyl starch, acetylated starch, various 

hydroxyalkylated starches, various cationic starches, various 

anionic starches, long-chain alkyl esterified starch, dextrin, 

phosphate starch, dialdehyde starch, and the like. Other examples 

include the natural polysaccharides listed in the claims, and metal 

salts and derivatives thereof. As described above, these may be 

used alone or in a mixture of two or more kinds. 

[0024] Furthermore, examples of the biodegradable resin used in 

the present invention include rosin derivatives. Examples include 

maleated rosin, fumarated rosin, rosin-modified glycerin ester, 

rosin-modified pentaerythritol ester, rosin half esters, 

hydrogenated rosin esters, rosin ethoxylate, and modified rosin 

metal salt. In addition, the plant resins and animal resins listed in 

the claims and derivatives thereof may be used alone or in 

combination. 

[0025] Furthermore, polyamino acids such as polyglutamic acid, 

polylysine, polyaspartic acid, and the like used as the 

biodegradable resin in the present invention may be either natural 

or synthetic. 

[0026] The various biodegradable resins above may be used in 

the form of a mixture of two or more kinds. Typical mixed (blend) 

type biodegradable resins include chitosan/cellulose/starch 

blends and starch/aliphatic polyester blends. 

[0027] Furthermore, when at least one or more of the various 

biodegradable resins described above are in the form of an 

aqueous solution, aqueous emulsion or aqueous dispersion, such 

will be free of petroleum-based solvents and will be even more 

environmentally friendly. Of course, these various biodegradable 

resins may be dissolved in a petroleum-based solvent, but 

polyester-based biodegradable resins are primarily soluble only 

in halogenated carbons such as chloroform, which are highly 

toxic, in addition to polylactones and polylactic acids, and thus it 

is preferable to use an aqueous emulsion or aqueous dispersion 

form. Furthermore, if the biodegradable resin is water-soluble, 

such as methyl cellulose, carboxymethyl cellulose, starch, casein, 

glue, or polyvinyl alcohol, it may be coated or impregnated into 

the paper base material as an aqueous solution, and if not, the 

resin may be mechanically broken down into an aqueous 

dispersion using a dry or wet method, such as a grinder, ball mill, 

or roll mill, or may be made into an aqueous emulsion using an 

emulsifier or surfactant. Furthermore, a latex prepared by 

emulsion polymerization or a microencapsulated aqueous 

emulsion may also be used. 

[0028] The foregoing various biodegradable resins or their 

solutions, preferably aqueous solutions, aqueous emulsions or 

aqueous dispersions, may be applied to or impregnated into the 

paper substrate by air knife coating, bar coating, roll coating, 

gravure coating, cast coating, blade coating, gate roll coating, kiss 

roll coating, or a dipping method or spray coating, and when a 

size press is used for impregnation, it is possible to impregnate 

the inside of the paper substrate. In particular, after coating or 

impregnation by the foregoing method, the paper substrate is 

pressurized and heated by a hot plate, so that voids on the surface 

of the paper substrate are filled and the biodegradable resin is 

plasticized to obtain a uniform coating film having excellent 

surface smoothness. The coating amount is preferably 5 to 30 

g/m2; when less than 5 g/m2, it is difficult to obtain a uniform 

coating film and pinholes are likely to occur, and when more than 

30 g/m2, the physical properties become saturated and, in extreme 

cases, cracks (cohesive failure) may occur. When impregnating 

using a size press, the greater the amount of impregnation, the 

greater the basis weight of the paper, and the more improved the 

filling effect, and the more improved the gas barrier properties of 

the paper provided with a thin film of an inorganic oxide. There 

is no particular restriction on the basis weight of the paper base 

material, but paper of about 30 to 400 g/m2 and even cardboard 

of about 600 g/m2 are possible, and thus the amount of 

impregnation is preferably 5 to 60 g/m2; when less than this or 

more than this, the same phenomenon as described above will 
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occur, which is not preferable. 

[0029] In the present invention, by adding a layered silicate 

compound to a biodegradable resin, a non-aqueous solution or 

aqueous solution thereof, or an aqueous emulsion or aqueous 

dispersion thereof, the layered silicate compound is oriented in a 

flat plate shape on the paper base material after coating or 

impregnation, thereby improving the smoothness and air 

resistance of the paper surface. Specific examples of the layered 

silicate compound include plate-shaped or flaked compounds 

such as kaolin, mica, brittle mica, pyrophyllite, talc, smectite, 

vermiculite, chlorite, septechlorite, serpentine, stilpnomelane, 

and montmorillonite. An appropriate particle diameter of these 

particles is about tens to hundreds of μm so that they can be 

oriented relative to the paper substrate. 

[0030] The paper base material in the present invention may have 

an inorganic pigment pre-coated on one or both sides. This 

inorganic pigment refers to a filler, and examples thereof include 

clay, kaolin, calcium carbonate, titanium dioxide, talc (talc), and 

the like, with clay being preferable because it is inexpensive and 

has favorable physical properties. Although these may be added 

internally during the paper-making process, this reduces the 

strength of the paper, and therefore it is preferable to coat the 

surface of the paper base material with them to form a dense 

coating layer. 

[0031] Paper coated with inorganic pigments (fillers), such as 

clay-coated paper with excellent surface smoothness, which is 

further smoothed by super calendaring, is a suitable substrate for 

imparting barrier properties; also, by coating or impregnating the 

clay-coated surface of this processed paper with a biodegradable 

resin as a sealing layer, and then applying heat and pressure with 

a hot plate, the smoothness and sealing properties can be 

improved, thereby imparting excellent barrier properties. 

Furthermore, a filling paper sheet coated with or impregnated 

with various biodegradable resins may be subjected to 

supercalendering. 

[0032] The thin inorganic oxide film in the present invention is 

provided for the purpose of improving the gas barrier properties 

of the substrate, and is formed from a vapor-deposited film of an 

inorganic metal compound, such as a simple substance such as an 

oxide or nitride of aluminum, silicon, zinc, magnesium, and the 

like, or a mixture thereof. Among these, silicon oxide and 

aluminum oxide are inexpensive and have favorable barrier 

properties. The deposition method may be a PVD (physical vapor 

deposition) method such as vacuum deposition, sputtering, or ion 

plating, as well as a plasma activated CVD (chemical vapor 

deposition) method. Of these, the CVD method is economically 

advantageous, generates little heat during the process, and allows 

deposition on a three-dimensional object such as a container. 

[0033] The thickness of the inorganic oxide layer is preferably in 

the range of 50 to 3000 Å, more preferably 100 to 2000 Å, from 

the viewpoints of transparency and barrier properties. When the 

thickness is less than 50 Å, a uniform thin film cannot be formed, 

and when it is more than 3000 Å, the physical properties become 

saturated, cracks tend to occur, and the gas barrier properties 

decrease. 

[0034] The paper sheet which is the base material of the gas 

barrier paper sheet of the present invention may be produced by 

a conventional papermaking process, including papermaking, 

pressing and heating/drying steps. Furthermore, a paper container 

made of the base material of the gas barrier paper container of the 

present invention may be produced by a known method. For 

example, it is possible to produce paper containers without any 

post-processing steps by using a plunger-type can-making 

machine to punch out the paper, gluing together the four corners 

and assembling the paper, or by using a press molding method or 

vacuum molding method that may be performed by hot-press 

molding using a dedicated tray molding machine, or by using a 

wet or dry pulp molding method. The gas barrier paper sheet of 

the present invention may be assembled and molded as described 

above to form the gas barrier paper container of the present 

invention. 

[0035] 

[Embodiments] Specific embodiments of the biodegradable 

filling paper sheet and paper container of the present invention 

will be described below. The present invention is not limited 

thereto. 

[0036] The pulp slurries used in the following embodiments were 

prepared according to the method described below. 

(Method of preparing pulp slurry) The raw pulp was softwood 

kraft pulp (NBKP) papermaking raw material, which was 

disintegrated in accordance with JIS-P8209 "Method of preparing 

handsheets for pulp testing" and prepared with a beater to a 

permeability (beating degree) of 300 ml CSF according to the 

Canadian standard permeability test method in accordance with 

JIS-P8121 "Testing method for permeability of pulp" to obtain a 

pulp slurry having a solid content concentration of 1.0%. 

[0037] <Embodiment 1> The pulp slurry was suctioned using a 

commercially available large vacuum cleaner on a standard 

square handsheet square papermaking machine to make paper 

with a basis weight of about 250 g/m2, then dewatered in a press 

(3.43 x 105 Pa) for 3 minutes and heated and dried in a Yankee 

dryer (surface temperature = about 120°C) to produce cardboard. 

A 10 wt% solid content solution of commercially available 

polycaprolactone (Tone P-767 made by Union Carbide 

Corporation) in dioxane was applied once using a #30 wire bar, 

and the resulting product was dried in an oven at 100°C for 2 

minutes to produce one of the biodegradable filling paper sheets 

according to the present invention. The coating amount was about 

7 g/m2. 

[0038] <Embodiment 2> Commercially available 

polycaprolactone (Tone P-767, Union Carbide) was applied to 

the clay-coated layer of commercially available coated cardboard 

(UF Coat made by Oji Paper Co., Ltd.) having a basis weight of 

250 g/m2 to produce one of the biodegradable filling paper sheets 

of the present invention in the same manner as in embodiment 1 

. The coating amount was about 7 g/m2. 

[0039] <Embodiment 3> A 10 wt% solid content solution of 

commercially available polylactic acid (Lacty made by Shimadzu 
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Corporation) in dioxane was coated once on thick paper prepared 

in the same manner as in embodiment 1 using a #30 wire bar, and 

the coated material was dried in an oven at 100°C for 2 minutes 

to produce one of the biodegradable filling paper sheets of the 

present invention. The coating amount was about 7 g/m2. 

[0040] <Embodiment 4> A pulp slurry was suctioned using a 

commercially available large vacuum cleaner and made into 

paper using a standard manual square papermaking machine to 

give a basis weight of about 250 g/m2, wet paper was then 

sprayed/impregnated with a dioxane solution of commercially 

available polylactic acid (Lacty made by Shimadzu Corporation, 

Lacty) having a solid content of 10 wt%, filtered again under 

suction, and heated and pressed with a hot plate (surface 

temperature about 120°C, about 4 x 105 Pa) for about 2 minutes 

to produce one of the biodegradable filling paper sheets of the 

present invention. The impregnation amount was about 20 g/m2. 

[0041] <Embodiment 5> A commercially available aqueous 

dispersion of esterified starch (Landy-200S made by Miyoshi Oil 

Chemical Co., Ltd.) was diluted and mixed with water to 10 wt% 

solid content on wet paper prepared in the same manner as in 

embodiment 4, then spray coated/impregnated, excess water was 

again sucked and filtered, and the paper was heated and pressed 

with a hot plate (surface temperature about 120°C, about 4 x 105 

Pa) for about 2 minutes to produce one of the biodegradable 

filling paper sheets of the present invention. The impregnation 

amount was about 20 g/m2. 

[0042] <Embodiment 6> The pulp slurry was diluted to a solid 

content of 0.4 wt %. 4 L of this pulp slurry was sucked onto a 

female mold and dehydrated to obtain a mold intermediate, which 

was then sandwiched together with the mesh into a mating press 

mold to obtain a pulp molded container. A commercially 

available aqueous dispersion of esterified starch (Landy-200S 

made by Miyoshi Oil Chemical Co., Ltd.) diluted with water to a 

solid content of 10 wt% was spray coated/impregnated onto the 

inner surface of this container, and the excess water was again 

suction filtered.The container was then pressurized and dried 

(surface temperature about 120°C, about 4 x 105 Pa) for about 1 

minute using a male mold to produce one of the biodegradable 

sealed paper containers of the present invention. The 

impregnation amount was about 17 g/m2. 

[0043] <Comparative Example 1> An NBKP water dispersion 

slurry having a water content of 300 CSF was suctioned and made 

into paper using a large commercial vacuum cleaner using a 

standard handsheet square papermaking machine so as to have a 

grammage of about 250 g/m2, dehydration pressing (3.43 × 105 

Pa) was performed for 3 minutes, and the NBKP base paper was 

heated and dried using a Yankee dryer (surface temperature = 

about 120°C). 

[0044] <Comparative Example 2> A commercially available 

styrene-butadiene copolymer latex (solid content = 50 wt%) was 

applied once to the clay-coated layer of a commercially available 

coated cardboard with a basis weight of 250 g/m2 (UF Coat made 

by Oji Paper Co., Ltd.) using a #30 wire bar, and then dried in an 

oven at 100°C for 2 minutes to produce a filling paper sheet. The 

coating amount was about 8 g/m2. 

[0045] The biodegradable sealant paper sheets obtained in 

embodiments 1 to 6 above, or the paper containers and the 

samples obtained in comparative examples 1 and 2 were cut into 

pieces of paper about 1 cm x 4 cm, and the surface roughness of 

the sealant layer side was measured as the center line average 

roughness (Ra) using a surface roughness meter Surfcom made 

by Tokyo Seimitsu Co., Ltd. The measurement conditions were 

TRAVERS LENGTH = 4 mm, CUTOFF = 0.8 mm, V-MAG = 

×2K, and SPEED = 0.3 mm/s. The measurement results are 

shown in Table 1. 

[0046] 

[Table 1] 

Embodiment Center line average roughness (Ra) 

(μm) 

Embodiment 1 0.65 

Embodiment 2 0.49 

Embodiment 3 0.53 

Embodiment 4 0.48 

Embodiment 5 0.43 

Embodiment 6 0.45 

Comparative 

Example 1 
1.15 

Comparative 

Example 2 
0.62 

 

[0047] In light of the results in Table 1, it was found that the 

surface roughness of the biodegradable filling paper sheet and the 

paper container of the present invention (embodiments 1 to 6) 

was very small, making for favorable smoothness. It was also 

found that the smoothness could be further improved by hot 

pressing with a hot plate. Also, a commercially available styrene-

butadiene copolymer latex was applied as a filler to obtain 

favorable smoothness. 

[0048] Next, specific examples of the gas barrier paper sheet or 

paper container of the present invention will be described, but the 

present invention is not limited to these. 

[0049] <Embodiment 7> A thin film of an inorganic oxide having 

a thickness of 400 Å was formed on the filling layer of the 

biodegradable filling paper sheet produced in embodiment 1 

using hexamethyldisiloxane as a monomer gas by plasma 

activated CVD to obtain one of the gas barrier paper sheets of the 

present invention. 

[0050] <Embodiment 8> A thin film of an inorganic oxide having 

a thickness of 400 Å was formed on the filling layer of the 

biodegradable filling paper sheet produced in embodiment 2 

using hexamethyldisiloxane as a monomer gas by plasma 

activated CVD to obtain one of the gas barrier paper sheets of the 

present invention. 

[0051] <Embodiment 9> A thin film of an inorganic oxide having 

a thickness of 400 Å was formed on the filling layer of the 

biodegradable filling paper sheet of the present invention 

produced in embodiment 3 using hexamethyldisiloxane as a 

monomer gas by plasma activated CVD to obtain one of the gas 
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barrier paper sheets of the present invention. 

[0052] <Embodiment 10> A thin film of an inorganic oxide 

having a thickness of 400 Å was formed on the filling layer of the 

biodegradable filling paper sheet produced in embodiment 4 

using hexamethyldisiloxane as a monomer gas by plasma 

activated CVD to obtain one of the gas barrier paper sheets of the 

present invention. 

[0053] <Embodiment 11> A thin film of an inorganic oxide 

having a thickness of 400 Å was formed on the filling layer of the 

biodegradable filling paper sheet produced in embodiment 5 

using hexamethyldisiloxane as a monomer gas by plasma 

activated CVD to obtain one of the gas barrier paper sheets of the 

present invention. 

[0054] <Embodiment 12> A thin film of an inorganic oxide 

having a thickness of 400 Å was formed on the inner surface of 

the biodegradable filling paper container produced in 

embodiment 6 using hexamethyldisiloxane as a monomer gas by 

plasma activated CVD to obtain one of the gas barrier paper 

containers of the present invention. 

[0055] <Comparative Example 3> A thin film of an inorganic 

oxide having a thickness of 400 Å was formed on the NBKP base 

paper produced in comparative example 1 by plasma activated 

CVD using hexamethyldisiloxane as a monomer gas. 

[0056] <Comparative Example 4> A thin inorganic oxide film 

having a thickness of 400 Å was formed on the coating layer of a 

coated ball coated with the commercially available styrene-

butadiene copolymer latex prepared in comparative example 2 by 

plasma activated CVD using hexamethyldisiloxane as a 

monomer gas. 

[0057] For each of the gas barrier paper sheets or paper containers 

obtained in embodiments 7 to 12, water vapor permeability was 

measured in accordance with JIS-Z0208 "Test method for 

moisture permeability of moisture-proof packaging material (cup 

method)" when the gas barrier paper sheet or paper container of 

the present invention was stored in an environment of 40°C and 

90% RH, with the sealing layer + inorganic oxide thin film layer 

side of the paper container being uniformly placed on the calcium 

chloride filled side. Note that for the container-shaped product of 

embodiment 6, calcium chloride was loaded into the container, 

the opening of the container was sealed with a laminate film 

containing aluminum foil, and then measurement was performed. 

The results are shown in Table 2. 

[0058] 

[Table 2] 

 

Embodiment Water vapor permeability 

(g/m2•24 hr) 

Embodiment 7 1.8 

Embodiment 8 1.5 

Embodiment 9 1.7 

Embodiment 10 1.0 

Embodiment 11 0.5 

Embodiment 12 1.2 

Comparative 

Example 1 
3000 

Comparative 

Example 2 
2700 

Comparative 

Example 3 
2500 

Comparative 

Example 4 
1.8 

 

[0059] In light of the results in Table 2, it was found that the water 

vapor permeability of the biodegradable gas barrier paper sheet 

or paper container of the present invention is very favorable. 

Furthermore, a commercially available styrene-butadiene 

copolymer latex was applied to the filling layer, which also 

showed favorable water vapor barrier properties. 

[0060] The samples of embodiments 7 to 12, which are the 

biodegradable gas barrier paper sheets or paper containers of the 

present invention, and comparative examples 1 to 4 were each cut 

into about 1 cm squares, and 5 g of each was added to 1.5 L of 

0.5 wt% caustic soda aqueous solution and disintegrated for about 

20 minutes using a standard disintegrator, after which all of the 

embodiments of the present invention and comparative examples 

1 and 3, which did not have a sealing layer, were completely 

disintegrated. In contrast, in comparative examples 2 and 4, in 

which the styrene-butadiene copolymer latex was used as the 

filler, some lumps remained. 

[0061] The biodegradable gas barrier paper sheets or paper 

containers of the present invention (embodiments 7 to 12) and 

comparative examples 1 to 4 were cut into 10 cm x 10 cm pieces 

and buried in field soil to evaluate biodegradability, and after 

about 5 months, all of the embodiments of the present invention 

and comparative examples 1 and 3, which did not have a sealing 

layer, had decomposed into pieces and had lost their original 

shape. In contrast, thin strips of paper in the form of films 

remained when the styrene butadiene copolymer latex of 

comparative examples 2 and 4 was used as a sealant. 

[0062] When the biodegradability of the gas-barrier paper sheet 

or paper container of the present invention (embodiments 7 to 12) 

and comparative examples 1 to 4 were cut into 10 cm × 10 cm 

and embedded in compost after about one month of mixing pork 

manure and orchids and adjusting the moisture to about 65%, 

evaluation of biodegradability was carried out, and about four 

months later, comparative examples 1 and 3, which do not have 

a blind layer applied, were decomposed into pieces and had not 

kept their original shape. In contrast, thin strips of paper in the 

form of films remained when the styrene butadiene copolymer 

latex of comparative examples 2 and 4 was used as a sealant. 

[0063] 

[Effect of Invention] According to the present invention, a paper 
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sheet having a biodegradable resin layer formed by coating or 

impregnating a paper base material with a biodegradable resin has 

a filling effect provided by the biodegradable resin layer, and 

furthermore, by subjecting the paper to a heat treatment such as 

hot pressing with a hot plate, the voids in the paper are filled and 

the biodegradable resin is plasticized, forming a coating film 

made of a biodegradable resin layer that is uniform and has a high 

surface smoothness. Furthermore, by providing a thin film layer 

of an inorganic oxide on the coating film composed of a 

biodegradable resin layer of a paper sheet or a paper container 

formed from the sheet, it is possible to provide a paper sheet or 

paper container with excellent gas barrier properties. 

[0064] The paper sheet or paper container obtained by the present 

invention is composed of a paper base material having a small 

environmental impact, a biodegradable resin layer, and a thin film 

layer of an inorganic oxide provided on the biodegradable resin 

layer, and is biodegradable and can be decomposed by basic 

compounds, and thus waste paper can be recycled, and there are 

no problems with incineration or composting. Furthermore, when 

forming a biodegradable resin layer on a paper substrate by 

coating or impregnation, the coated or impregnated liquid is an 

aqueous solution or aqueous dispersion, and no solvent is used, 

and thus there are no problems such as evaporation of the solvent 

during the coating or impregnation process, and consideration is 

given to the safety of the working environment. Thus, the present 

invention makes it possible to provide a paper sheet or paper 

container that has excellent environmentally friendly gas barrier 

properties, such as being biodegradable, recyclable, resource-

efficient, and safe. 

[0065] The biodegradable gas barrier paper sheet or paper 

container of the present invention is suitable for use as various 

environmentally friendly packaging materials, which will be 

increasingly required in the future, in fields such as food, 

pharmaceuticals, electronic and electrical parts, and various 

industrial products. 
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